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(2) 以多孔铜为集流体通过电沉积方法制备多孔 SnCo 合金电极，表现出比
平面 SnCo 合金电极更加稳定的充放电性能，三维多孔结构有效地缓冲了活性材
料在充放电过程的体积变化，抑制了活性材料脱落集流体导致的容量衰减。然而
随着充放电的进行，多孔 SnCo 合金电极也会出现容量衰减，第 50 周的微分容
量曲线在 1.3 V (vs Li+/Li)出现包峰，是由于电极表面 SEI 在多次充放电后破裂，
电极与电解液接触发生电解液的分解，导致电极粉化容量衰减。在电解液中加入
成膜添加剂 VC(碳酸亚乙烯酯)后，多孔 SnCo 合金电极的充放电性能得到进一步
提高，70 周容量保持率为 82.6%，第 50 周微分容量曲线在 1.3 V 处出现的包峰
面积减小。VC 添加剂在首次放电过程随着电压的降低在电极表面聚合，形成一
层致密的 SEI 膜，有效地提高了电极的稳定性，因而循环性能更好。循环 70 周
后多孔 SnCo 合金电极的 SEM 图显示，在含 VC 添加剂电解液中循环后的电极
表面 SEI 膜较常规电解液中循环后的电极表面 SEI 膜薄，说明 VC 添加剂的加入















(3) 改变镀液中 Co 离子的浓度可以控制电沉积方法合成的合金镀层成分，








SEI 膜阻抗电阻逐渐增大，表明 SEI 膜的加厚；传荷阻抗电阻随着电压的降低减
小，锂离子嵌入更容易。充电(脱锂)过程，锂离子的大量脱出在 0.5 V、0.6 V，
这时传荷电阻具有 小值，同时低频圆弧出现在这一电位，进一步表明低频圆弧
的出现跟电极中产生相变有关。 
(5) 以多孔铜为集流体制备了多孔 Sn-Co-P 合金电极，在含有 VC 添加剂的
电解液中表现出比常规电解液中多孔 Sn-Co-P 合金电极更好的充放电性能。SEM
图显示首次充放电完毕后，电极表面变得粗糙，归因于电解液在电极表面分解形
成 SEI 膜。常规电解液中多孔 Sn-Co-P 电极表面比含 VC 添加剂电解液中电极更
粗糙，且局部出现聚合现象。在含 VC 添加剂电解液中，VC 在电极表面形成均
匀的 SEI 膜，可以将电极与电解液隔开，避免了过多的电解液在电极表面分解而
形成厚厚的 SEI 膜，破坏电极的结构。 
(6) 两种电解液中多孔 Sn-Co-P 合金电极的 EIS 模拟结果显示，含 VC 添加
剂电解液中多孔 Sn-Co-P 合金电极 EIS 谱与常规电解液中多孔 Sn-Co-P 合金电极
不同的是放电过程 0.5 V 时含 VC 添加剂电解液中电极表面形成的 SEI 膜电阻为
4.118 Ω，并且随着电压的降低 SEI 的电阻并没有较大的变化；而常规电解液中
0.5 V 时电极表面的 SEI 膜电阻为 2.685 Ω，并且随着电压的降低而不断增大。说
明电解液中加入 VC 添加剂后，由于 VC 在电极表面的聚合，比较容易在电极表
面形成稳定 SEI 膜，避免电解液在电极表面的进一步分解，因此含 VC 电解液中
电极充放电性能更加稳定。 



































  Nowadays, carbonaceous materials are key anodes for commercial lithium ion 
batteries, but they can not meet the needs of new electronic devices owing to its low 
energy density (372 mAh.g-1). Researchers are trying to modify carbon materials to 
improve their capacity, as well as searching for new carbon alternatives. Sn based 
metals become research hot for its high theoretical capacity and suitable 
charge/discharge voltage plateau(0.4~0.6V vs Li+/Li). However Sn electrodes endure 
large volume change during charge/discharge processes, resulting in exfoiliation and 
capacity decay. To enhance electrochemical performance of Sn electrodes, three 
methods are applied in this thesis including alloying Sn with Co(or Co and P), 
fabricating novel current collector, and adding VC additive into electrolyte. We also 
used electrochemical impedance spectroscopy to investigate dynamics process and 
compatibility between electrode and electrolyte during lithiation and delithiation of Sn 
alloy electrode. Main research contents and results are shown below. 
  (1) porous copper is prepared through electroless plating method, and pore 
formation mechnism is investigated by linear sweep voltage(LSV). Hydrogen bubbles 
derive from oxidization of hypophosphite ions function as dynamic template for pore 
formation. Air takes a large fraction on porous copper surface due to the existence of 
pore with rough walls, porous copper owes the character of super-hydrophobic 
materials. Porous copper deposited for 20 min shows water contact angle of 164.2°, a 
super-hydrophobic quality. Porous copper has large specific surface area, which is 
suitable for fast mass and charge transfer for electrochemical devices. 
  (2) Three-dimensional porous SnCo alloy electrode is prepared using porous copper 
as current collector, showing better cycleability than planar SnCo alloy electrde. The 
novel architecture of the current collector can buffer volume change of electrode 
efficiently during charge/discharge processes. A broad peak appeares at 1.3 V at the 
50th differential capacity curves, indicating decompose of electrolyte at the eletrode as 
a relsult of SEI film break after many cycles, resulting in acute capacity decay. After 
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